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Neutron diffraction and Mo ~“ssbauer studies
on Fe,_,Cr,S,(x=0.0, 0.04, 0.08)

Sam Jin Kim, Woo Chul Kim, and Chul Sung Kim?
Department of Physics, Kookmin University, Seoul 136-702, Korea

Polycrystalline samples of kFe,Cr,S,(x=0.0, 0.04,0.08) have been studied with x-ray and
neutron powder diffraction, Mesbauer spectroscopy, magnetization, and magnetoresifisifte
measurements. Neutron diffraction patterns were obtained at various temperature ranges from 10 K
to room temperature. Neutron diffraction on Fe&r above 10 K shows that there is no
crystallographic distortion and reveals antiferromagnetic ordering, with the magnetic moment of
Fe'? (—3.52up) aligned antiparallel to Gf (2.72ug). Mossbauer spectra shows asymmetric line
broadening in the temperature range from 13 to 170 K and it is considered to be dynamic Jahn—
Teller stabilization. The charge states of the iron ions are ferrous in character. With increasing Fe
deficiency, the peak of maximum magnetoresistance=ad.0, 0.04, and 0.08, occurred at 171, 174,

and 186 K, respectively. The increasing temperature of the MR peak position is interpreted as due
to an enhancement of activation energy. 2002 American Institute of Physics.

[DOI: 10.1063/1.1451884

I. INTRODUCTION II. EXPERIMENT

Recently the colossal magnetoresistance effects in sul- Fel_X_CrZS4(x=0._0, 0'04’. 0.08) were prepared by the di_.
phur spinel compoundéFe,,Cu.Cr,S,: x=0, 0.5 have rect reaction of the high-purity elements Fe, Cr, Cu, and S in

been reported, and it is suggested that the conduction mecha- evacuated quaer tube. The crys.tal structures .Of the
o . mples were examined by an x-ray diffractometer with Cu
nism in these materials may not be the double exchange I . .
s 1 e . . « radiation and neutron diffractometer at the Korea Atomic
carriers. Since the crystal and magnetic structures are differ- . . .
) : nergy Research Institute HANARO HRRBigh resolution

ent from Mn perovskites, renewed interest has been focuse . - :

. . . owder diffractometer\=1.8348 A reactor. The Mes-
on the conduction mechanism of sulphur spinel compound

. ) . yauer spectra were recorded using a conventional spectrom-
Yang et al? claimed magnetic polaron model in FgSx by b g b

. eter of the electromechanical type with°>4Co source in a
electron spin resonance study and Greaves and co-v{iorke'rhodium matrix
reported unusual reduction of Fe magnetic moment by neu- '
tron diffraction study. Also Min and co-workérinterpreted

its conduction mechanism by half-metallic properties. Verylll. RESULTS AND DISCUSSION

recently, Kanget al, published a paper on Gt sCr.S, The x-ray(Cu K « radiation and neutron diffraction pat-

by valence band photoemission study and reported monovgg s for samples exhibited the cubic spinel phase for all our
lence of copper and the ferric character of iron iBM8OSS- g ifyr spinel samples. In order to examine whether there is
bauer studies on FegS, have previously been reported by giatic Jahn—Teller distortion in FesS;, we obtained neu-
many Worker§’.'7' According to the octahedrdB) site pref-  yon diffraction patterns from 10 to 300 K. Crystal structure
erence of Ct", it is believed that the Mssbauer specira on s getermined to be cubic spinel Bt3m by Rietveld refine-
FeCpS, are composed of the tetrahed(Al site Fé" spec-  ment. Figures (8) and 1b) show the results of neutron dif-
tra. But the M@sbauer spectra on FeSy were found to be  fraction refinement for FeGS8,, at 10 and 175 K, respec-
dependent on the sample, furthermore some of the paper rgyely. The determined lattice constants, oxygen parameter
ported the line broadening originating from the excess of BBragg factorR, , Rey, and magetic factoR,,,, and magnetic

site Fé*. These difficulties may be eliminated by starting moments of atoms are listed in Table I. Figufg)lshows the

with a small iron deficienc@.Therefore it is essential to de- diffraction pattern of paramagnetic nucleus peaks_ In F|g
termine the valence state and magnetic structure of iron iong(a) we could not find any other different positions of mag-

in various sulfur spinel compounds to understand the undemetic superstructure peaks other than nucleus peaks. Namely,
lying backgrounds properly. Here we present the results oall magnetic peaks are overlapped on nucleus peaks. There-
Mossbauer experiments and compare them with those gbre it is concluded that intersublattice superexchage interac-
x-ray, neutron diffraction, magnetoresistance, superconduction of F§A)—Cr(B) is antiferromagnetic, while intrasublat-
ing quantum interference devi¢BQUID) magnetometer for  tice superexchange interaction of(A¢—FgA) and C(B)—
sulfur spinel compounds. Cr(B) is ferromagnetic, respectively.

Figures 2a), 2(b), and Zc) show the temperature depen-
dAuthor to whom all correspondence should be addressed; electronic maifience of zero-field resistance, resistance measured in the
cskim@phys.kookmin.ac.kr field of 1.6 T, and magnetoresistivity defined as MR)

0021-8979/2002/91(10)/7935/3/$19.00 7935 © 2002 American Institute of Physics

Downloaded 04 Jul 2013 to 129.174.21.5. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jap.aip.org/about/rights_and_permissions



7936

10000

8000

6000

4000

Intensity (arb. units)

10000 [

6000

Intensity (arb. units)

2000 |

FIG. 1. Refined neutron diffraction patterns of Fe&r(a) 10 K, (b) 175 K.

The closed circle and continuous lines represent the observed, calculated
and differencgobsacal profiles, respectively. Tick marks of the upper and
lower panels show the positions of nucleus and magnetic reflections, respec-

tively.
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FIG. 2. Temperature dependence of zero field resistByaesistance mea-
sured at 1.6T, and magnetoresistance MRat 1.6 T, where MR
=(R(0)-R(1.6T))/R(0), for (a) x=0.0, (b) x=0.04, (c) x=0.08, respec-

the temperature range between 140 and 170 K, while semfively.

conducting behavior aff>170 K and T<140 K. Even

though MR,(T) is lower than that of the Mn perovskite, tance peaks afy,, 172, 174, 184 K, with the MR=10%,
obvious MR effects are shown.
Figures 3a), 3(b), and 3c) show the temperature depen- Fe deficiency the separation betwe&g and T, grows

dence of SQUID magnetization for the samptes0.0, 0.04,
0.08, respectively. The N temperature Ty), which is de-
fined as the temperature of the maximum slopdhtVdT, is

14%, 12%, respectively. It is noticeable that with increasing

gradually. Assuming a simple exponential dependence of the
form R(T) =R, expE,/kgT), a fit to the data of Figs. (d),
2(b), and Zc) aboveT), yields activation energ,= 46, 52,

indicated by an arrow on the magnetization curve. The de58 meV, respectively. This result far=0.0 is in good agree-

termined Nel temperatureTy) for the samplex=0.0, 0.04,

ment with the value reported previouslifhe inset of Figs.

0.08 were 172, 170, and 169 K, respectively. As shown ir3(a)—3(c) shows the enlarged shape of magnetization be-
Fig. 2, for the sample witlk=0.0, 0.04, 0.08, magnetoresis- tween 4 and 20 K. This cusp-like anomaly & K is ex-

TABLE |. Results of refinement parameters of neutron diffraction on

FeCrS, [Fd3m;Fe(8a),Cr(16d),S(32ey(u,u)].

10 K 175 K
alA 9.97543) 9.98133)
u (9 0.38343) 0.38433)
ng (Fe) —3.52
s (CP) 2.72
Rexp 3.76% 3.66%
Ry 4.62% 4.45%
Ri, 4.97%

plained by changing from static to dynamic Jahn-Teller
stabilization’

In order to study the conduction mechanism and local
properties of Fe ,Cr,S,(x=0.0, 0.04,0.08), Mssbauer
spectra of the sample were measured at various absorber
temperatures from 13 K to room temperature. Some of the
representative spectra for the sample §g€r,S,(x=0.04)
are shown in Fig. 4. We analyzed the $&bauer spectra
using—eight Lorentzian fitting methods. The detailed proce-
dures are expressed in Ref. 8. The isomer shift at room tem-
perature is 0.60 mm/s relative to Fe metal, which means that
the charge of Fe ions is ferrous in character. In this sample
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T(K) mum magnetoresistance temperature increased steadily. The

Mossbauer spectra result is explained in terms of dynamic
FIG. 3. Temperature dependence of SQUID magnetizafiamder external  jghn—Teller effect.
field 50 kOe, for(a) x=0.0, (b) x=0.04, (c) x=0.08. The inset shows the

enlarged shape of magnetization between the temperatures 5 and 20 K.
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